INTRODUCTION
============

Several causative factors have been identified in the pathophysiology of schizophrenia. Family and twin studies indicate that there is a strong genetic component, which influences the risk of acquiring schizophrenia. However, epidemiological and neuropathological studies have also indicated that some cases of schizophrenia may be associated with environmental factors, such as birth season or exposure to infectious agents.[@B1],[@B2]

Until now, various microbial agents have been proposed as risk factors for schizophrenia, and they all share similar characteristics; an ability to establish persistent infections within the central nervous system as well as the occurrence of psychiatric symptoms in some individuals infected with these agents. We found several published studies from various research groups with special emphasis on the protozoan organism *Toxoplasma* (*T.*) *gondii*,[@B3] as well as intracellular bacteria Chlamydia.

*T. gondii* is a neurotropic protozoan parasite that was characterized at the turn of the 20th century and later associated with a series of congenital sensory and neurological conditions.[@B4] Although the definitive hosts are felines such as cats, *T. gondii* affects almost all warm-blooded animals including humans. In humans, infection is mainly acquired by ingestion of contaminated food or water or through eating undercooked or raw meat that contains tissue cysts.[@B5] This microbe is known to be neurotrophic and infects both neurons and glia.[@B6] Serologically, the first research linking schizophrenia and other psychoses to an increase in antibodies to *T. gondii* was published in 1953; since then, a number of studies have been carried out.[@B7] A study of newborn and maternal sera of individuals who later developed schizophrenia reported more *T. gondii* antibodies in their sera compared to normal controls.[@B8] In addition, preliminary analysis of a cohort of individuals in the United States Military indicated that increased levels of Toxoplasma antibodies can be found in individuals prior to the onset of psychotic symptoms, thus obviating the possibility that the finding of increased levels of antibodies is an epiphenomenon associated with exposure occurring after the onset of schizophrenia.[@B9] Phee et al.,[@B10] using indirect fluorescent antibody technique (IFA), found higher positive reaction for *T. gondii* in chronic schizophrenia patients than in control group.

Chlamydiae were taxonomically categorized into their own order Chlamydiales, with one family, Chlamydiaceae, and a single genus, Chlamydia which included four species: *Chlamydia* (*C.*) *trachomatis*, *C. pneumonia*, *C. psittaci*, and *C. pecorum*.[@B11] Two of the species, *C. trachomatis* and *C. pneumoniae* are common human pathogens and can persist in infected monocytes. The primary targets of Chlamydophila infection in the brain are probably microglia cells, which arise from monocyte subpopulations.[@B12] Despite the presence of limited literature, it is evident that Chlamydia may be implicated in the pathogenesis of schizophrenia. Fellerhoff et al.,[@B13] using n-polymerase chain reaction (PCR), found a significant prevalence of *C. psittaci*, *C. pneumoniae*, and *C. trachomatis* in schizophrenic patients, as compared to controls. Fellerhoff and Wank[@B14] also found that prevalence of Chlamydophila DNA in post-mortem brain frontal cortex from patients with schizophrenia was four times greater than in controls. Frykholm[@B15] suggested *C. pneumonia* as a common etiology of schizophrenia and multiple sclerosis, and reported improvement in several cases of psychotic patients by antibiotic therapy.

Considering all these findings, we conjectured that *T. gondii* and Chlamydia might play a key role in the etiology of schizophrenia. Although there exists several studies supporting association between schizophrenia and these infectious agents, to the best of our knowledge, almost no research dealing with the subject of present investigation was performed in Korea. In this study, we investigated whether there is a higher prevalence of *T. gondii*, *C. trachomatis* and *C. pneumonia* infection in schizophrenic patients. Likewise, we divided schizophrenic patients into seropositive and seronegative group based on seropositivity of immunoglobulin (Ig) and compared their features to figure out specific trait of infectious agent related to schizophrenic patients.

METHODS
=======

Subjects
--------

Ninety-six patients with schizophrenia participated in the study. The number of female and male patients was 34 (35.4%) and 62 (64.6%), respectively. They were hospitalized or received out-patient services at the department of psychiatry of Soon Chun Hyang university hospital, Cheonan from July 1st, 2010 to June 30th, 2011. Clinical diagnoses were established according to Diagnostic and Statistical Manual-IV edition. As a structured tool, the Positive and Negative Syndrome Scale (PANSS) was used to assess the symptoms of the patients. Exclusion criteria included presence of a history of immunodeficiency disease, serious physical disease, neurological disease, or substance abuse. The illness duration in the schizophrenia patients was from 0.8 years to 50 years (mean, 13.76±11.15 years), the age range was from 11 years to 61 years (mean, 46.14±13.15 years).

Among the people who underwent physical examination for employment, 50 who had no history of physical, mental, or genetic disease were included in the study as the normal controls. They were matched with the schizophrenic patient group with respect to age and gender. The age range was from 25 years to 59 years (mean, 44.80±9.69 years). The number of female and male patients was 18 (36%) and 32 (64%), respectively. For all the subjects, written informed consent was obtained after the study procedure had been explained. The study protocols and the consent forms were approved by the Institutional Review Board of Soon Chun Hyang University (2010-40).

Clinical Measures
-----------------

The patients were interviewed by a skilled psychiatrist by using Korean version of PANSS. PANSS is the most widely used measure of symptom severity in schizophrenia. The PANSS was developed by Kay et al.[@B16] (1987) and translated into Korean version by Kim,[@B17] and the reliability and validity were studied. PANSS is composed of 30 items, including 7 positive scales, 7 negative scales and 16 general psychopathology scales. The patient is rated from 1 to 7 on 30 different symptoms based on the interview as well as reports from family members or primary care hospital workers. This assessment requires approximately 30-40 minutes semi-structured interview.

Serum Collection & Laboratory Assay
-----------------------------------

Serum blood samples were obtained from the participants by venipuncture. The samples were stored at 4℃ and tested for antibodies using enzyme-linked immunosorbent assay and IFA at Samkwang Medical Laboratories.

Serum toxoplasmosis antibody titer was evaluated by using chemiluminescent immunoassay (access IgG or IgM - TOXO, Beckman, Geneva, Switzerland). They are performed on microtiter plate reader (Access Immunoassay System, Sanofi Diagnostics Pasteur, Marnes-La-Coquette, France), which is an automated analyzer.

*C. trachomatis* IgG and IgM was assayed using EIA (BAG-*C. trachomatis*-EIA, BAG healthcare, Lich, Germany). Briefly, 100µl of diluted serum (1:101) was added into 96-microwell stripes coated with inactive antigen and incubated for 30 minutes at room temperature. After washing for four times with buffered wash solution, 100µl of peroxidase-conjugated antihuman antibody was added to the stripes and further incubated for 30 minutes at room temperature, with due protection from intense light. After washing for four times with buffered wash solution, 100µl of TMB substrate solution was added and incubated for 10 minutes at room temperature in the dark. After adding 100µl of stop solution, the absorbance was read using ELx808™ Incubating Microplate Reader (BioTek, Lyon, France).

*C. pneumonia* IgG and IgM was assayed using IFA (CHLAMYDOPHILIA PNEUMONIAE IFA IgG or IgM, Vircell, Granada, Spain). All the assays were performed in duplicate using the manufacturer\'s recommended buffers, diluents, and substrates. The IFA test was performed by using prepared *C. pneumoniae* antigen with diluted serum (1:64) in PBS. In brief, 5µl of diluted serum, positive control serum and negative control serum was added into clean 30-well slide and incubated for 30 minutes at 37℃ in a humidified chamber. After three washes with PBS and soaking for 10 minutes, the slide was dried in air. Subsequently, 5µl of fluorescein isothiocyanate-labeled anti-human IgM or IgG diluted 1:200 in 0.001% Evans blue solution was added to each antigen spot and the slides were incubated for 30 minutes at 37℃. Finally, they were washed as before, dried in air, and mounted in 50% glycerol-PBS (pH 8.6). The slides were examined with a 40× objective (×400 magnification) using a fluorescence microscope.

Statistical Analysis
--------------------

To analyze demographic data, two-tailed t-test was used for continuous covariates. For discrete covariates, chi-square test was used. The null hypothesis was rejected at *p*\<0.05. All statistical analyses were performed with SPSS ver. 18.0 for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

Bacterial and Protozoan Antibody Prevalence in Schizophrenic Patients and Controls
----------------------------------------------------------------------------------

We found that the group of schizophrenic patients had a significantly higher number of positive IgG antibody titers of *T. gondii* (*p*=0.035) when compared to normal controls. In the group of Schizophrenic patients, significantly more positive IgG antibody titers against *C. trachomatis* (*p*=0.015) was present when compared to healthy controls. No statistical difference could be measured for *C. pneumoniae*. The rates of IgM antibodies of the schizophrenia patients were not significantly higher than that of the control group. Using the exposure level of the control groups as reference, the odds ratio of schizophrenia associated with *T. gondii* and *C. trachomatis* infection was 3.22 and 2.86, respectively ([Table 1](#T1){ref-type="table"}).

Comparing Demographic Variables in Groups Divided with Seropositivity in Schizophrenia
--------------------------------------------------------------------------------------

The schizophrenic patients were separated into two groups on the basis of presence of detectable IgG antibody to infectious agents (IgG+ group and IgG- group). For *T. gondii*, IgG+ group showed significantly less years of education (7.85±4.72 years) when compared to IgG- group (10.58±3.72 years; *p*=0.007). Furthermore, IgG+ group had significantly higher percentage of familial history of mental illness (23.8%) when compared to IgG- group (6.7%). Nevertheless, there was no significant difference in terms of gender, age, duration of illness, and age of onset of schizophrenia. *C. trachomatis* showed no significant differences between IgG+ group and IgG- group with respect to gender, age, education, duration of illness, age of onset of schizophrenia and number of patients with family history of mental disorder ([Table 2](#T2){ref-type="table"}).

Comparing PANSS Subscale Score of IgG+ and IgG- Group
-----------------------------------------------------

The PANSS subscale scores of the two groups are shown in [Table 3](#T3){ref-type="table"}. For *T. gondii*, the score of N1 (blunted affect), N7 (stereotyped thinking), G13 (Disturbance of volition) subscale was significantly higher in IgG+ group when compared to IgG group. For *C. trachomatis*, the score of G10 (disorientation) subscale was significantly higher in IgG+ group when compared to IgG- group.

DISCUSSION
==========

In the present study, we investigated the rate of positive serological reaction to *T. gondii*, *C. pneumoniae*, and *C. trachomatis* in 96 schizophrenic patients and 50 normal controls. Likewise, we divided schizophrenic patients into seropositive and seronegative group based on seropositivity of Ig and compared their features to figure out specific trait of infectious agent-related schizophrenic patients.

We found that the schizophrenic patients had a significantly higher rate of positive IgG antibodies to infectious agents as compared to the normal controls. Especially, antibodies to *T. gondii* and *C. trachomatis* were overrepresented in schizophrenic patients. This finding suggests that *T. gondii* and *C. trachomatis* infections are associated with schizophrenia.

In accordance to the present study, some of the previous studies reported that Toxoplasma infection represents one risk factor for schizophrenia. Wang et al.[@B3] reported an association between Toxoplasma infection and first episode of schizophrenia, suggesting a 2-5 times increased risk of schizophrenia due to chronic Toxoplasma infection. Niebuhr et al.[@B9] using samples obtained from United States Military members prior to schizophrenia diagnosis, found significant positive association between *T. gondii* IgG antibody and schizophrenia. Yolken et al.[@B18] found demonstrated that individuals with first episode schizophrenia had significantly increased levels of IgG, IgM and IgA class antibodies to *T. gondii*. Phee et al.[@B10] found higher positive reaction for *T. gondii* in chronic schizophrenia patients than control group, especially patients with negative symptoms and our findings are consistent with these studies. However, there are a number of other studies, which did not correspond to the results of present study. Krause et al.[@B19] found no statistical differences measured for *T. gondii*. Further research is needed to clarify the inconsistency in the study.

For *C. trachomatis*, our findings were in accordance with previous studies that concluded that *C. trachomatis* infection is associated with schizophrenia. Krause et al.[@B19] found significantly higher rates of positive antibodies to *C. trachomatis* when compared to the other infectious agents, suggesting infection as one of the contributing factors for schizophrenia amongst others, like genetic disposition. Fellerhoff et al.[@B13] found significant prevalence of chlamydial infection in schizophrenic group, suggesting chronic infections with chlamydiaceae as the main pathogenic factors in the pathogenesis of schizophrenia, and the requirement of immunotherapy to restore the balance of immune subpopulations. To the best of our knowledge, this is the first report on a positive association of *C. trachomatis* with schizophrenia in a Korean population.

In the case of *C. pneumoniae*, despite the presence of several previous studies supporting the contention that *C. pneumoniae* is a possible risk factor for schizophrenia,[@B13],[@B14] no statistical difference could be measured. Nevertheless, a research corresponded to the result of our study but the reason was uncertain.[@B19] In our study, schizophrenia and control group both showed high IgG seropositivity. High prevalence of *C. pneumoniae* in Korea and the character of their environment could be the leading causes for high seropositivity in both schizophrenia and control group. Korea is highly endemic with *C. pneumoniae* infection, with increased prevalence in adults. A research has demonstrated that in healthy subjects over 21 years of age, *C. pneumoniae* IgG antibody was present in 70% of males and 56% of females.[@B20]

In the present study, it was observed that mainly IgG and not IgM antibodies were elevated in condition of schizophrenia, and this could further indicate that the infections are not acute any more, but have progressed to dormant infections with a persistent immune response. As IgG antibodies are involved in secondary immune response, IgM antibodies appear early in the course of an infection and usually reappear.[@B21] In our study, we just showed the rates of antibody titers, the infectious agents were not investigated directly with PCR. However, there is no evidence from this study that patients with schizophrenia have an increased prevalence of acute infections, but clearly, these patients have had more infections in the past and/or are suffering from a chronic infectious condition.

We also compared the characteristics between schizophrenia patients with detectable IgG antibody (the positive group) and those without detectable IgG antibody (the negative group) to *T. gondii* and *C. trachomatis*. For *T. gondii*, positive group showed less years of education. We cannot assert that infection is the only factor related to years of education, but our findings might be related to previous studies, which demonstrated that schizophrenic patients, who had gestational exposure to infectious agents showed executive dysfunction when compared to unexposed group.[@B22] Impaired executive function might have influenced the ability to keep up their learning, eventually making them to be dropped out of school. In addition, positive group showed higher rate of familial history of mental disorder. This could be a supportive finding for genetic susceptibility of those people, who became schizophrenic due to infection. We conjectured that if high rate of familial history of mental disorder indicates inherited genetic fragility, higher rate of familial history would be present in sero-positive group, which has more probability for infection as etiology of their disorder, when compared to sero-negative group. A number of studies have shown evidence on the interaction of predisposing genes with one or more infectious agents to cause schizophrenia.[@B7],[@B23] *C. trachomatis* showed no significant difference in character between seropositive and seronegative group.

In addition, we have also compared the PANSS subscale score between schizophrenic patients with seropositive and seronegative group for *T. gondii* and *C. trachomatis* infection. For *T. gondii*, the seropositive group scored significantly higher score in several negative subscales and one general psychopathology scale, \'disturbance of volition\'. Fellerhoff et al.,[@B13] treated patients with schizophrenia and other mental disorders with evidence of infection by using adoptive immunotherapy and antibiotics, but no antipsychotics. The improvement in the status of the patients was mainly related with regain of energy and volition, improvement of social withdrawal, which are main components of negative symptom. Based on these findings, we cautiously suggest the relation between negative symptoms and \'disturbance of volition\' with infectious agent. In the case of *C. trachomatis* infection, the seropositive group scored significantly higher score in one general psychopathology subscale, disorientation. Still, evidence to underpin relation between infectious agents and disorientation is insufficient.

Despite numerous studies performed to reveal relation between infectious agents and schizophrenia, it is still controversial whether infectious agents play a causal role in inducing psychotic symptoms. Proving causality is one of the major limitations of studies about the association of schizophrenia and infections. As schizophrenia is constituted of a number of inhomogeneous symptoms, it seems more probable that infections might just be one of the contributing factors among others.[@B13] In the case of schizophrenia, one possible causality could be that infectious agents do not directly cause psychiatric symptoms, but influence the immune balance via the status of a chronic infection. We assume that these different infections have an impact on the immune system and therefore might contribute to psychiatric symptoms. Several studies have identified the important role of immunological parameters in schizophrenia.[@B23] Recently, it has been demonstrated that proinflammatory cytokines that could enhance the activity of the enzyme, indoleamine 2,3-dioxygenase (IDO) plays an important role in the pathophysiology of schizophrenia. The IDO increases tryptophan degradation into kynurenine and decreases tryptophan availability in the brain to synthesize neurotransmitters.[@B24] Reduced type-1 immune response and Increased type-2 immune response in schizophrenic patients promote the production of the endogenous N-Methyl-D-aspratate (NMDA) receptor antagonist, kynurenic acid. A hypofunction of the glutamatergic cortico-striatal pathway is associated with opening of the thalamic filter, which leads to an uncontrolled flow of sensory information to the cortex and promotes psychotic symptoms.[@B25]

There are some limitations in our study: First, the sample size was rather small and therefore the statistical power might be restricted. Although there were 96 patients with schizophrenia in the study, the number of the seropositive patients for *T. gondii* (n=21), *C. pneumoniae* (n=64), *C. trachomatis* (n=27) were small. Therefore, the results of the clinical symptoms of the seropositive and seronegative schizophrenia need to be further verified, especially through prospective studies. Second, it was not possible to evaluate the rate of sexual activity in patients and controls. This aspect seems to be important, as *C. trachomatis* is a sexually transmitted disease. There are studies showing that schizophrenic patients suffer from sexual dysfunction and possess less social activity and have therefore an impaired sexual life.[@B26] It also remains possible that schizophrenic patients might show riskier sexual behavior.

In conclusion, the present research found that the prevalence of IgG antibody to *T. gondii* and *C. trachomatis* in the patients with schizophrenia was higher than that of the control groups. These findings suggest that the elevated rate of infectious agents within the schizophrenic patients could provoke an immunological disturbance that might influence the cerebral neurotransmitter balance. This study lent further weight to the hypothesis that exposure to *T. gondii* and *C. trachomatis* may be the risk factors for schizophrenia. Further studies investigating the association between the infection status and immune parameters are needed.
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Comparison of class-specific reactivity to *Toxoplasma* (*T.*) *gondii*, *Chlamydia* (*C.*) *pneumoniae* and *C. trachomatis* agents in serum samples between schizophrenia patients and normal controls
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Ig, immunoglobulin; OR, odds ratio; CI, confidence interval.
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Demographic variables of the schizophrenic patients, grouped by serum reactivity to IgG antibody of *Toxoplasma* (*T.*) *gondii* and *Chlamydia* (*C.*) *trachomatis*
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Ig, immunoglobulin; SD, standard deviation.

^\*^Chi-squared test value; ^†^Student\'s t-test, t-value
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Score of Positive and Negative Syndrome Scale in schizophrenic patients, grouped by serum reactivity to IgG antibody of *Toxoplasma* (*T.*) *gondii* and *Chlamydia* (*C.*) *trachomatis*
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Ig, immunoglobulin; SD, standard deviation.

^\*^*p*\<0.05 by independent t-test.
